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Abstract
We show how the SL(5) duality in M-theory is explained from a canonical analysis of
M2-brane mechanics. Diffeomorphism constraints for a M2-brane coupled to supergravity
background in d = 4 are reformulated in a SL(5) covariant form, in which spatial dif-
feomorphism constraints are recast into a SL(5) vector and the generalized metric in the
Hamiltonian constraint is quartic in the SL(5) generalized vielbein. The Hamiltonian for a
M2 brane has the SL(5) duality symmetry in a background dependent gauge.
1 Introduction
In contrast to the pure gravity theory, string gravity and membrane gravity theories con-
tain rich duality symmetries governed by generalized geometry introduced by Hitchin [1],
Gualtieri [2] for string system and Hull [3] for M theory. For these theories the general
coordinate transformation is generalized to the gauge transformation for both gravity field
and gauge fields coupled to extended objects and it is given by Courant bracket or C-bracket
[4, 5]. Doubled formalism with manifest T-duality [6, 7] and double field theory formulated
by [8] are complementary approaches to understand duality. Further studies appeared in
[9, 10, 11, 12, 13, 14, 15, 16, 17, 18] and [19, 20, 21, 22, 23, 24] on D-branes.
For a bosonic string theory the gravitational field Gmn and the rank two tensor Bmn
field are mixed by the T-duality symmetry, where the relation between T-duality in the first
quantized level and the one in the second quantized level is well known. On the other hand
U-duality in the first quantized level and the one in M-theory have not been fully understood
so far. The U-duality, as the symmetry of solitonic charges associated with extended objects
[25], is the hidden symmetry in the 11-dimensional supergravity theory [26]. The relation
between the U-duality and a membrane duality was shown by Duff and Lu [27] using with
the Gaillard-Zumino’s (GZ) dual formulation [28]. Recently the supergravity is reformulated
in a manifest duality covariant way by Berman and Perry [14], relating to the membrane
duality which is also treated in the GZ dual formulation.
In this paper we examine the membrane duality in canonical language instead of the GZ
dual formulation. We focus on the SL(5) duality for the case of d = 4. In reference [23] one
of the present author has made a canonical analysis of D-brane mechanics to obtain Courant
brackets by using which the general coordinate transformation and the gauge transformation
for D-branes are derived. In this paper we apply the above analysis to a M2 brane, and we
clarify the relation between SL(5) duality in M2 mechanics and the one in the supergravity
theory.
One of the typical features of actions of extended objects is the diffeomorphism invariance.
For a string case the σ-diffeomorphism constraint, which corresponds to △ = ∂
∂xm
∂
∂x˜m
= 0
constraint for example in [8], plays an essential role. Diffeomorphism constraints for a bosonic
string are written in terms of ZM = (pm, ∂σx
m) which is the basis of the generalized geometry,
where xm and pm are string coordinate and its conjugate momentum with m = 1, · · · , d. The
σ-diffeomorphism constraint Hσ and the τ -diffeomorphism constraint, Hamiltonian H⊥, for
1
a string are written as


Hσ = 12ZM ρMN ZN = 0 , ρMN =


0 δnm
δmn 0


H⊥ = 12ZM MMN ZN = 0 , MMN =


Gmn −GmqBqn
BmpG
pn Gmn − BmpGpqBqn


(1.1)
whereMMN is the generalized metric as a function of Gmn and Bmn. The σ -diffeomorphism
constraint Hσ has O(d, d) invariance. Under the O(d, d)∋ g transformation, Z → gZ,
the Hamiltonian is covariant since G and B are coset parameters of O(d, d)/O(d)×O(d):
M(G,B)→M′ = gTMg =M(G′, B′) and so H⊥(G,B)→ H⊥(G′, B′).
On the other hand the fundamental basis for a M2-brane are ZM = (pm,
1
2
ǫij∂ix
m∂ix
n),
i = (1, 2). Invariant symmetry of σi -diffeomorphism constraints, Hi = pm∂ixm = 0, is not
apparent in this form. Multiplying ǫij∂jx
p on Hi makes Hp to be bilinear in Zm, although
the metric ρ˜MN ;p is not manifestly duality symmetry invariant as seen in [23]. In this paper
we pursue the diffeomorphism constraints in focusing on d = 4 case leading to the SL(5)
duality.
The organization of this paper is the following: In section 2 a canonical analysis of a
M2-brane is presented in the basis of the generalized geometry. In section 3 we show that a
Courant bracket for a M2 brane is calculated and generalized gauge transformation of Gmn
and Cmnl are derived by using the Courant bracket. In section 4 we examine the invariance of
the diffeomorphism constraints for d = 4 case. We show that σi-diffeomorphism constraints
are recast into a SL(5) vector in terms of the basis in a form of SL(5) rank two tensor,
resulting SL(5) invariance on the constrained surface. The Hamiltonian constraint is also
rewritten in terms of the tensor basis, and the generalized metric is rewritten as a rank four
tensor, antisymmetric in a pair of two indices and symmetric in pairs, parameterized by Gmn
and Cmnl. We show that the generalized metric is written in a quartic form of the general-
ized vielbein given in T 4 compactified supergravity theory [26, 29, 30]. Then reformulated
diffeomorphism constraints are manifestly SL(5) covariant in a gauge which depends on the
background. It leads to SL(5) duality symmetry transformation for supergravity fields.
2 Hamiltonian for a M2-brane
We begin with an action for a M2-brane
I =
∫
M
d3σ (L0 + LWZ)
2
L0 = −TM2
√−h , h = det hµν , hµν = ∂µxm∂νxnGmn (2.1)
LWZ = 1
3!
TM2ǫ
µνρ ∂µx
m∂νx
n∂ρx
lCmnl
where Gmn(x) is the background metric and Cmnl(x) is a rank three anti-symmetric gauge
field. We focus on the bosonic part only throughout this paper. Target space indices,
the 3-dimensional world volume indices and spatial world volume indices are denoted by
m, n, · · · = 0, · · · , d−1; µ, ν, · · · = 0, 1, 2 and i, j, · · · = 1, 2 respectively. The canonical
momenta are defined as
pm = TM2
(
−√−hh0µGmn∂µxn + 1
2
ǫ0ij∂ix
n∂jx
lCmnl
)
.
The Hamiltonian constraint and the σi-diffeomorphism constraints are


H⊥ = 1
2TM2
(
p˜mG
mnp˜n + TM2
2 det hij
)
= 0
Hi = ∂ixmp˜m = ∂ixmpm = 0
(2.2)
with
p˜m ≡ pm − TM2
2
ǫ0ij∂ix
n∂jx
lCmnl
= −TM2
√−hhµ0Gmn∂µxn ,
similar to the IIA D2 brane case [31]. The determinant term can be rewritten as
det hij =
1
2
(ǫij∂ix
m∂jx
n)Gmm′Gnn′(ǫ
i′j′∂i′x
m′∂j′x
n′) .
For simplicity we take a unit TM2 = 1 throughout the rest of this paper. Then the Hamil-
tonian constraint for the M2-brane in curved background is given by the ZM basis and the
generalized metric as
H⊥ = 1
2
ZM MMN ZN
ZN =

 pn
1
2
ǫij∂ix
n∂jx
n′


MMN =

 G
mn −GmkCknn′
−Cmm′lGln G[m|nG|m′]n′ + Cmm′lGlkCknn′

 . (2.3)
It is rewritten as
MMN = (N T )MLM0LKNKN
MLK0 =

 Glk 0
0 G[l|kG|l′]k′

 , NKN =

 δkn −Cknn′
0 δknδ
k′
n′

 .
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It is further rewritten as
MMN0 = (µT )MAηABµBN , ηAB =

 δ
ab 0
0 δ[a|bδ|a′]b′

 , µAK =

 ea
k 0
0 1
2
e[k
aek′]
a′


MMN = (νT )MAηABνBN , νAN = µAKNKN =

 ea
n −eakCknn′
0 1
2
e[n
aen′]
a′

 , (2.4)
with Gmn = em
aen
bηab. The diffeomorphism constraints Hi(i = 1, 2) can be also written in
terms of ZM basis by contracting with ǫ
ij∂jx
p
Hp ≡ 1
2
ǫij∂ix
pHj = 1
2
ZM ρ˜
MN :pZN = 0 , ρ˜
MN ;p =

 0 δp[nδml]
δ
p
[mδ
n
l] 0

 (2.5)
where Hp(p = 0, ..., d) are reducible.
Now ZM is a fundamental basis of the canonical analysis. The ZM algebra is given by
{ZM(σ), ZN(σ′)} = iρiMN∂iδ(σ − σ′) , ρiMN =

 0
1
2
ǫij∂jx
[nδl]m
1
2
ǫij∂jx
[mδl]n 0

 (2.6)
where ρiMN is divergenceless, ∂iρ
i
MN = 0. The metric ρ
i
MN in (2.6) reduces to the metric
ρ˜MN ;p in (2.5) for the ground state in static gauge, ∂jx
p = δpj .
3 Courant bracket for M2 brane
In this section we will write down a Courant bracket for a M2 brane explicitly in the notation
of [23]. Let us consider a space generated by the algebra in (2.6). A vector in the space is
given by
Λˆ = ΛMZM = λ+ λ
[2] ∈ T ⊕ Λ2T ∗
λ = Λmpm , λ
[2] = 1
2
Λmn
1
2
ǫij∂ix
m∂jx
n . (3.1)
The canonical commutator between two vectors Λˆ1(σ) and Λˆ2(σ
′) is given by
{
Λˆ1(σ), Λˆ2(σ
′)
}
= −iΛˆ12(σ)δ(σ − σ′) + i
(
1−K
2
Ψi(12)(σ)−
1 +K
2
Ψi(12)(σ
′)
)
∂iδ(σ − σ′)
(3.2)
with
Λˆ12 = Λ[1
l∂lΛ2]
m pm
4
+
1
2
(
Lλ[1λ[2]2] − ∂[m|(Λ[1lΛ2]l|n]) +K∂[m|(Λ(1lΛ2)l|n])
) 1
2
ǫij∂ix
m∂jx
n
Ψi(12) = Λ(1
mΛ2)mn
1
2
ǫij∂jx
n =
1
2
Λ1
MΛ2
NρiMN (3.3)
Lλ[1λ[2]2] =
1
2
(
Λl[1∂lΛ2]mn + ∂[m|Λ
l
[1Λ2]l|n]
) 1
2
ǫij∂ix
m∂jx
n .
K is an arbitrary constant reflected by an ambiguity of ∂iδ(σ−σ′) as shown in [23]. Courant
bracket for a M2-brane is given as Λˆ12 part in (3.2);
[Λˆ1, Λˆ2]M2 = [λ1, λ2] + Lλ[1λ[2]2] − d
(
ιλ[1λ
[2]
2]
)
(3.4)


[λ1, λ2] = Λ
n
[1∂nΛ2]
mpm
Lλ[1λ[2]2] = 12
(
Λl[1∂lΛ2]mn + ∂[m|Λ
l
[1Λ2]l|n]
)
1
2
ǫij∂ix
m∂jx
n
d(ιλ[1λ
[2]
2] ) =
1
2
∂[m|(Λ
l
[1Λ2]l|n])
1
2
ǫij∂ix
m∂jx
n
for K = 0, and
[Λˆ1, Λˆ2]M2 = [λ1, λ2] + Lλ1λ[2]2 − ιλ2dλ[2]1 (3.5)


Lλ1λ[2]2 = 12
(
Λl1∂lΛ2mn + ∂[m|Λ
l
1Λ2l|n]
)
1
2
ǫij∂ix
m∂jx
n
ιλ2dλ
[2]
1 = Λ
l
2∂[l|Λ
[2]
1|mn]
1
2
ǫij∂ix
m∂jx
n
for K = 1.
Now let us calculate the generalized gauge transformation. It is convenient to introduce
(Cˆa)
M =

 eam
ea
lCmnl

 , emaean = δnm (3.6)
where a is the local SO(d) index. The gauge transformation rule is given by the Courant
bracket in (3.5) as
δξ(Cˆa)
M =
[
ξˆ, (Cˆa)
M
]
M2
, ξˆ =

 ξ
m
ξ[2]mn

 . (3.7)
From the above transformation we obtain expected transformations ofG and C by contracted
the local SO(d) indices,


δξGmn = ξ
l∂lGmn + ∂(m|ξ
lGl|n)
δξCmnl = ξ
p∂pCmnl + ∂[m|ξ
pCp|nl] + ∂[mξ
[2]
nl]
. (3.8)
It turns out that the gauge parameter ξ[2]mn has a further gauge invariance, namely
gauge symmetry of gauge symmetry. It is given by the invariance of the Courant bracket.
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We assume that ΛM ’s are functions of only xm. Under local transformations, δΛˆi, i = 1, 2,
invariance of the Courant bracket up to the total derivative is given as
δΛˆi ⇒ δ
∫
d2σ
[
Λˆ1, Λˆ2
]
M2
(σ) = 0 . (3.9)
There is no further gauge symmetry of Λi
m as seen from the coefficient of pm in (3.9). But
there exists gauge symmetry of the parameter Λ
[2]
i;mn as seen as below; The coefficient of
1
2
ǫij∂ix
m∂jx
n in (3.9) for K = 1 allows further gauge invariance as
δΛ
[2]
i;mn = ∂[m|ζi|n] ⇒ δ
(
Lλ1λ[2]2 − ιλ2dλ2dλ[2]1
)
= ∂m
(
Λ1
l∂[lζ2|n]
) 1
2
ǫij∂ix
m∂jx
n
= ∂i
(
Λ1
l∂[lζ2|n]
1
2
ǫijxm∂jx
n
)
.(3.10)
Therefore gauge symmetry of the gauge parameter is given as
δΛMi =


δΛi
m = 0
δΛi
[2]
mn = ∂[m|ζi|n]
(3.11)
When the parameter is chosen as ζi;n = cnζi with a constant vector cm, the transformation
becomes δΛi = −c[m∂n]ζi as the survived component of clρ˜MN ;l∂Nζi. The gauge symmetry
of the gauge parameter ξˆ in (3.8) is δξm = 0, δξ[2]mn = ∂[mζn].
4 SL(5) duality
Diffeomorphism constraint Hσ for a bosonic string theory is invariant under T-duality sym-
metry. However this is not apparent for a membrane theory. The duality symmetry of
the background field should be a reflection of the duality symmetry of the world volume
mechanics of ZM(σ). So diffeomorphism constriants for a M2-brane should have U-duality
symmetry.
The pure gravity theory has global G=SL(d) and local H=SO(d) symmetries, where the
vielbein field is an element of the coset G/H; em
a → gmnenbhba with G∋ g and H∋ h.
Including to the shift of the dilatation field, GL(1), it is extended to the hidden symme-
try which is larger symmetry than the manifest d-dimensional invariance with subgroup
SL(d)×GL(1) [26]. In this section we focus on d = 4 case and compare it with the known
result of the SL(5) hidden symmetry of the supergravity theory. We analyze the symmetry of
σi -diffeomorphism constraints for a M2-brane at first. Then we obtain the duality transfor-
mation for Gmn and Cmnl from the SL(5) transformation of the Hamiltonian for a M2 brane
coupled to supergravity background, which is compared with the U-duality transformation
of the T 4 reduced supergravity theory. At the same time we reformulate the diffeomorphism
constraints and the Hamiltonian constraint in a manifest SL(5) symmetric way.
6
4.1 SL(5) invariance of M2 diffeomorphism constraints
Let us begin with the σi -diffeomorphism constraints in (2.5), Hp = ZM ρ˜MN ;p ZN = 0,
which would have larger symmetry than the manifest d-dimensional invariance. The number
of basis ZM is d+
1
2
d(d−1) = 1
2
d(d+1), which is the number of the antisymmetric rank two
tensor in (d+1)-dimensions. A question is whether the diffeomorphism constraint manifests
the U-duality symmetry as was the case of string where the T-duality is realized as the
O(d, d) invariance of the metric ρMN in (1.1).
In 4-dimensions the basis ZM is identified as 10 = 4 + 6-dimensional representation of
SL(5). It is rewritten as a 5-dimensional rank two anti-symmetric tensor as
ZM =

 pm
1
2
ǫij∂ix
m∂jx
n

 ⇒ Zˇmˆnˆ =


Zˇ♯n = pn
Zˇmn =
1
2
ǫmnpqǫ
ij∂ix
p∂jx
q
,
mˆ = (♯,m) and m = 1, · · · , 4. (4.1)
Similar representation have been used in [32]. Under infinitesimal SL(5) transformations
Amˆ
nˆ =

 −αˆ γn
βm αm
n

 , αˆ = αmm , (4.2)
covariant and contravariant vectors are transformed linearly as δumˆ = Amˆ
nˆunˆ , δv
mˆ = −
vnˆAmˆ
nˆ, so that (vmˆumˆ) is invariant. Thus the rank two tensor Zˇmˆnˆ = (Zˇ♯n, Zˇmn) in (4.1)
transforms as
δZˇmˆnˆ = A[mˆ|
lˆZˇlˆ|nˆ]
=


δZˇ♯n = −αˆZˇ♯n + αnlZˇ♯l + γlZˇln
δZˇmn = β[m|Zˇ♯|n] + α[m
lZˇl|n]
. (4.3)
In this basis the σi -diffeomorphism constraint in (2.5) is written as
Hp = 1
2
ZM ρ˜
MN ;pZN = ǫ
mnlpZˇ♯mZˇnl = 0 . (4.4)
Under SL(5) in (4.3) the diffeomorphism constraints are invariant as
δHm = −Hnαnm = 0 . (4.5)
Noting Zˇmn = ǫmnpq
1
2
ǫij∂ix
p∂jx
q in (4.1) it holds an identity
H♯ ≡ ǫmnlpZˇmnZˇlp = 0 . (4.6)
It leads to the diffeomorphism constraints as a SL(5) vector form,
Hmˆ = 1
8
ǫmˆnˆlˆpˆqˆZˇnˆlˆZˇpˆqˆ , mˆ = (♯, m) . (4.7)
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Under the SL(5) transformation it is transformed as
Zˇmˆnˆ → gmˆmˆ′gnˆnˆ′Zˇmˆ′nˆ′ , g = 1 + A ∈ SL(5)
⇒ Hmˆ → ǫmˆnˆlˆpˆqˆgnˆnˆ′glˆ lˆ
′
gpˆ
pˆ′gqˆ
qˆ′Zˇnˆ′ lˆ′Zˇpˆ′qˆ′ = Hmˆ
′
(g−1)mˆ′
mˆ . (4.8)
It is mentioned that O(3, 3) symmetry can be seen from the metric of the σi -diffeomorphism
constraint ρ˜MN ;p in (2.5). If we choose the direction of Hp vector to be H1 by the SO(d)
rotation, then off-diagonal element δ1m[nl] becomes δ
m
l for l = 2, · · · , d, resulting its rank to be
(d− 1). Using an elementary matrix P it is written as
ρ˜MN ;p = PT


0 1(d−1) 0
1(d−1) 0 0
0 0 0

P , (4.9)
which contain O(d − 1, d − 1) invariance manifestly. This gauge choice may be related to
the double field formalism. The more general argument on the relation between M theory
duality basis and double field theory basis is given in [16].
4.2 SL(5) duality transformation from M2 Hamiltonian
It is known that there exists a global symmetry in d-dimensionally reduced supergravity
theory which is larger than the one for the pure gravity theory, SL(d,R)×GL(1,R). For the
supergravity theory with T 4 it is SL(5,R) including the subgroup SL(4,R)×GL(1,R).
The gauge field (Cˆa)
M in (3.6) is recasted in the Zˇmˆnˆ basis in (4.1) as
(Cˆa)
MZM =
1
2
(Cˇa)
mˆnˆZmˆnˆ , (Cˇa)
mˆnˆ =


(Cˇa)
♯n = ea
n
(Cˇa)
mn = 1
2
ǫmnpq(Cˆa)pq
, (4.10)
which is also written as
(Cˇa)
mn =
1
2
ǫnpqmea
lCpql = C˜
[mea
n] , C˜m =
1
3!
ǫmnlpCnlp . (4.11)
The Hamiltonian constraint for a membrane in (2.3) is written as
H⊥ = 1
2
ZMMMNZN = 1
8
ZˇmˆnˆMˇmˆnˆ;pˆqˆZˇpˆqˆ
Mˇmˆnˆ;pˆqˆ = 1
4
Waˆbˆ
mˆnˆηaˆbˆ;cˆdˆWcˆdˆ
pˆqˆ , ηaˆbˆ;cˆdˆ = δ[aˆ|cˆδ|bˆ]dˆ ,
Waˆbˆ
mˆnˆ =

 ebn −C˜ [mebn]
0 eea
[meb
n]

 , (4.12)
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with indices (aˆbˆ) = (♮b, ab), (mˆnˆ) = (♯n, mn) and e = det em
a. Waˆbˆ
mˆnˆ is a 10×10 matrix
representation of νA
N in (2.4). It is a coset element of SL(5)/SO(5) expressed by 24− 10 =
10 + 4 = 14 coset parameters Gmn, Cmnl. The 10×10 matrix Waˆbˆmˆnˆ contains the 4 × 10
matrix (Cˇa)
mˆnˆ manifestly and the local SO(5) symmetry is used for the triangular gauge.
Furthermore W in (4.12) is a tensor product of the 5 × 5 representation of the coset
SL(5)/SO(5). It is known that the “generalized vielbein” for T 4 reduced supergravity as a
coset element SL(5)/SO(5) derived in [26, 29, 30]
Vmˆ
aˆ =

 e3/5 e−2/5C˜ lela
0 e−2/5em
a

 , det V = 1 . (4.13)
The SL(5) invariant current is constructed as V −1∂µV . Bilinear of its coset part gives the
d-dimensional part of supergravity action. It is transformed as V → gV h with g ∈ SL(5)
and h ∈ SO(5). After the SO(5) pull back, the SL(5) transformation rules are given by
δVmˆ
aˆ = Amˆ
nˆVnˆ
aˆ + Vmˆ
bˆλbˆ
aˆ
δem
a = αm
nen
a + βmC˜
nen
a + em
bλb
a − 2
3
(αˆ + C˜ lβl)em
a


δGmn = α(m|
lGl|n) + β(m|C˜
lGl|n) − 4
3
(αˆ + C˜ lβl)Gmn
δC˜m = −αˆC˜m − C˜nαnm + e2βnGnm − βlC˜ lC˜m + γm
(4.14)
where SO(4) symmetry parameter is λb
a.
The SL(5) tensor Waˆbˆ
mˆnˆ is rewritten by this “generalized vielbein” as
Waˆbˆ
mˆnˆ = e1/5(V −1)aˆ
[mˆ(V −1)bˆ
nˆ] , V −1aˆ
mˆ =

 e−3/5 −e−3/5C˜m
0 e2/5ea
m

 (4.15)
then the “generalized metric” in (4.12) is rewritten as quartic in the generalized vielbein as
Mˇmˆnˆ;pˆqˆ = e
2/5
4
(V −1)aˆ
[mˆ(V −1)bˆ
nˆ]ηaˆbˆ;aˆ
′bˆ′(V −1)aˆ′
[pˆ(V −1)bˆ′
qˆ]
=

 G
nq −C˜ [pGq]n
−C˜ [mGn]q e2Gp[mGn]q + C˜ [mGn][qC˜p]

 , (mˆnˆ) = (♯n, mn). (4.16)
The Hamiltonian constraint for a M2-brane in (2.2) is now written as
H⊥ = e
2/5
8
Jaˆbˆη
aˆbˆ;aˆ′ bˆ′Jaˆ′ bˆ′ , Jaˆbˆ =
1
2
(V −1)aˆ
[mˆZˇmˆnˆ(V
−1T )nˆ]bˆ (4.17)
where the current Jaˆbˆ is manifestly SL(5) invariant and SO(5) invariant to guarantee the
SL(5) covariance of the system. By choosing a gauge of the τ -diffeomorphism invariance
h = e−2/5
H =
∫
d2σ hH⊥ , h = e−2/5 ⇒ H =
∫
d2σ
1
8
Jaˆbˆη
aˆbˆ;aˆ′ bˆ′Jaˆ′ bˆ′ , (4.18)
9
then the Hamiltonian has manifest SL(5) invariance. 1 The SL(5) duality transformation of
Gmn and Cmnl are given in (4.14).
5 Summary and discussion
We have seen how the SL(5) duality in M-theory is derived from the M2-brane mechanics. A
Courant bracket for a M2-brane is obtained to derive the generalized gauge transformation
rules for Gmn and Cmnl. It is natural to use the anti-symmetric rank two basis Zˇmˆnˆ as
10-representation of SL(5). In this basis the diffeomorphism constraints are rewritten as a
SL(5) vector showing the SL(5) invariance on the constraint surface. The Hamiltonian is
written by the rank four generalized metric which is quartic in the generalized vielbein. The
generalized vielbein is an element of the coset SL(5)/SO(5) parameterized by Gmn and Cmnl.
Thus the SL(5) duality transformation of Gmn and Cmnl is obtained as that of the coset
parameter. The diffeomorphism and Hamiltonian constraints in a background dependent
gauge are invariant under the SL(5) transformations of the basis Zˇmˆnˆ → gmˆmˆ′gnˆnˆ′Zmˆ′nˆ′, when
the coset parametersGmn, Cmnl are transformed in the non-linear realization of SL(5)/SO(5).
The extension of this analysis to M5-brane system involves 16-representation of SO(5,5)
duality symmetry in d = 5. The 16-representation of SO(5,5) contains 5 + 10+ 1 which cor-
responds to the usual vector, 2-form and 5-form in d = 5. Including such higher dimensional
cases manifestation of duality symmetries is forthcoming problem. Treatment of RR gauge
fields and fermionic fields are also necessary to be clarified.
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